The importance of intraocular pressure (IOP) as a relevant and treatable risk factor for the development or progression of glaucoma is evident. In managing this disease, to take only a single or a few measurements of this crucial parameter is definitely suboptimal.
Glaucoma is defined as a chronic, progressive optic neuropathy with loss of retinal ganglion cells and their nerve fibres. One of the most important and the only modifiable risk factor is intraocular pressure (IOP), which gets higher than the (unknown) individual tolerance level (of the optic disc). IOP is not a static value during 24 hours. The fluctuations are of varying amounts in healthy and glaucomatous eyes. 1 IOP is subject to a chronobiological pattern and is influenced by changes of head position, emotions, sports activities or the playing of wind instruments.
The gold standard for measuring IOP is Goldmann applanation tonometry, usually used once during the daytime, which gives information over a period of about five seconds. In patients with progressive glaucoma or in patients with advanced glaucoma a so-called diurnal curve is performed. This means three to five IOP measurements are taken as a minimum within office hours from Monday to Friday.
Does this provide enough information about IOP? There is only a 60 % chance to identify peak IOPs of individuals between 08:00 and 16:00.
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Almost nothing is known about IOP during sleeping hours (at least one-third of a day) except a few data from sleep-laboratory studies. 3, 4 These sophisticated examinations showed that the lowest IOP 
External Intraocular Pressure Measurement by a Contact Lens
When the distensibility of rabbit eyes was measured using circumference gauges, changes were found with an increase in IOP. Distensibility was slightly higher in the sclera than in the cornea over the range 30-90 mmHg. The change in the angle where the cornea joins the sclera was about 0.020-0.016 radians per mmHg over the range 10-45 mmHg. 6 Greene and Gilman were the first to use strain gauges embedded in customised contact lenses in rabbit eyes. 7 Strain gauges are made of specific metals (e.g., platinum) or silicon and a strain induces an increase of the resistance (in Ohms) measured by a Wheatstone bridge. The miniaturisation of microchips and progress in radiofrequency transmission have helped technicians to optimise the devices.
Triggerfish
Leonardi et al. developed the idea of a contact lens with embedded strain gauges and called their product Triggerfish (Sensimed, Switzerland). 8, 9 It is a silicone contact lens with a diameter of 14.4 mm and contains two active strain gauges made out of platinum-titanium (wire loops of 7 μm diameter), one of diameter 11.5 mm, two passive strain gauges for temperature compensation, one antenna (gold, 30 μm) and one microprocessor (50 μm thick) ( Figure 1 ). The contact lens is coated with a hydrophilic substance for better tolerability.
Power and data transfer work telemetrically and are wireless from and to an antenna, worn as a ring around the orbit (Figure 2 ). 
Two Other Approaches
The same method of indirect measurement of the IOP by recording changes in the peripheral cornea of pig eyes and of one human volunteer (for two hours) was used by a Spanish group. 14 Instead of metallic strain gauges they used a sensor film based on a conducting all-organic nanocomposite bilayer film. The device is a prototype and still wire connected and showed good correlations between changes of resistance and IOP in rapid IOP changes.
The third group, from the University of California, Davis, used polydimethylsiloxane elastomers and modified the material with powdered silver in a predetermined pattern to create conductive wires. 15 So far, the patterns are located centrally and therefore disturb vision. No animal or human trials are published.
Usefulness of Results?
There are still no clinical data as to the reproducibility of these results. Leonardi et al. 9 carried out their laboratory work to prove the functionality of the device on enucleated porcine eyes; they increased the IOP in rapid shots and obtained a good correlation with the transmitted profile of the contact lens sensor. However, does this reflect reality? Do we have very short and rapid changes in our IOP?
Yes, we do, but rarely. We do it in the Valsalva manoeuvre, when playing wind instruments or in yoga exercises with the head upside 
Figure 2: Triggerfish Contact Lens in the Left Eye
Around the orbit a loop antenna is glued at the skin for wireless data and power transmission. It is connected by wire to a recorder worn around the belly.
